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ABSTRACT

Predictive salary increment models offer a
quantitative basis for determining salary
adjustments, promoting transparency and
fairness in human resource management. This
study presents strategies for developing such
models using R, a versatile programming
language for statistical computing and machine
learning. The paper emphasizes data
preprocessing, feature engineering, and
algorithm selection to predict salary increments
accurately. The methodology includes data
analysis, regression modeling, and machine
learning techniques like decision trees and
ensemble methods. Results from sample
datasets demonstrate the feasibility and
accuracy of the proposed approach. The study
concludes with recommendations for practical
implementation in organizational settings.
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Introduction

The determination of salary increments is a critical
function of human resource (HR) departments,
involving an intricate balance of fairness,
organizational budget constraints, and market
competitiveness. Salary increments often reflect an
employee’s performance, skill development, and
contribution to organizational growth. However,
traditional methods of increment calculation,
which rely on manual assessments or rudimentary
benchmarks, lack precision and scalability.

Predictive modeling provides a solution by
leveraging historical data to forecast salary
adjustments systematically. With advancements in
machine learning and statistical computing,
platforms like R have emerged as powerful tools
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for building predictive models. R’s comprehensive
libraries for data manipulation, visualization, and
predictive analytics make it ideal for addressing the
complexities of salary prediction.

This  manuscript explores  strategies for
constructing predictive salary increment models
using R. By combining data preprocessing, feature
engineering, and robust algorithms, this study aims
to provide an actionable framework that HR
professionals can adopt to make data-driven

decisions.
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Literature Review

Salary prediction has been a subject of extensive
research, primarily focusing on statistical and
machine learning methods. Key areas of
exploration include:

1. Traditional Approaches:

Early studies utilized regression analysis
for salary prediction. Sahu et al. (2015)
analyzed salary determinants using linear
regression, focusing on variables like years
of experience and education. While
insightful, such methods often failed to

capture complex interactions among
predictors.

PREDICTIVE ANALYTICS

e

Reporting/ Predictive
Analysis Analytics

}

What happened What is What is going to
Why that happened? happened now? Happen in future?

2. Machine Learning Applications:

Recent research emphasizes the use of
machine learning for predictive analytics.
For instance, Gupta and Sharma (2020)
implemented decision trees and random
forests to predict salary ranges in IT
organizations. Their models demonstrated
high accuracy but required extensive
feature engineering.

3. Rin Predictive Modeling:

R has gained popularity in HR analytics due
to its open-source nature and extensive
library support. Wickham and Grolemund
(2016) highlighted R’s capabilities in data
wrangling and visualization, making it an
indispensable tool for predictive modeling.
Studies by Das et al. (2019) showcased R’s
performance in salary prediction tasks,
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particularly with ensemble learning
methods.

4. Challenges in Salary Prediction:

The literature identifies several challenges,
including data quality, multicollinearity,
and overfitting. Addressing these issues
requires robust preprocessing, careful
algorithm selection, and effective model
validation techniques.

This review highlights the need for an integrated
approach  combining  statistical  rigor and
computational efficiency, which this study aims to
address.

Methodology

Creating a predictive salary increment model
involves several critical steps, each of which
contributes to the accuracy and interpretability of
the final predictions. The following methodology
outlines a systematic approach to developing the
model using R:

1. Data Collection and Preparation

Data serves as the foundation of any predictive
model. For this study:

o Data Sources: Data was gathered from
organizational HR systems or publicly
available datasets (e.g., Kaggle or Open
Data portals). These datasets included
employee demographic details (age,
gender, education), performance metrics
(KPIs, annual reviews), role-specific
details, and historical salary increments.

e Preprocessing:

o Missing Data: Missing values were
addressed using imputation
techniques. For numerical data,
median imputation was used, while
categorical data was handled using
mode imputation.

o Outlier Detection: Boxplots and
interquartile range (IQR) analysis
identified outliers, which were
either capped or removed.

o Normalization: To ensure features
like age and years of experience
were comparable, numerical data
was normalized using Min-Max
scaling.

2. Exploratory Data Analysis (EDA)

EDA was performed to understand data trends,
correlations, and anomalies:

e Visual Analysis: Correlation matrices and
heatmaps helped identify relationships
between features (e.g., performance scores
and increments).

e Univariate Analysis: Histograms showed
the distribution of variables like
increments, while boxplots identified
trends across categorical variables (e.g.,
education level vs. increments).

o Key Insights: High performance scores
consistently correlated with larger salary
increments, while certain roles had
industry-specific benchmarks influencing
adjustments.

3. Feature Engineering

Feature engineering was crucial for improving
model performance:
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o Feature Selection: R’s caret package was
used for feature importance ranking.
Variables like tenure, performance scores,
and education level emerged as significant
predictors.

o Interaction Terms: Interaction terms, such
as '"experience x performance," were
created to capture nonlinear effects.

e Encoding Categorical Variables:

Techniques like one-hot encoding were

applied to categorical variables (e.g.,

department and education).

4. Model Building

Various models were implemented and compared
to find the optimal approach:

o Baseline Model: A simple linear regression
model was used to establish a baseline
performance,  focusing on  easily
interpretable relationships.

e Advanced Machine Learning Models:

o Random Forest: Utilized for its
ability to  handle  complex
interactions and rank feature
importance.

o Gradient Boosting Machines
(GBM): Applied for high accuracy
and robustness against overfitting.

o Support Vector Machines (SVM):
Tested for capturing nonlinear
relationships.

e Model Optimization: Hyperparameters
were tuned using grid search techniques via
the caret and tidymodels libraries.

5. Model Evaluation

o Data Splitting: The dataset was divided
into training (80%) and testing (20%) sets

to prevent overfitting and ensure
generalizability.
o Evaluation Metrics:

o Mean Absolute Error (MAE):
Measured the average prediction
error.

o Root Mean Square Error
(RMSE): Penalized larger errors to
assess overall performance.

o R-squared: Evaluated how well the
model explained variability in the
data.

6. Deployment

The final model was deployed using R Shiny to
create an interactive dashboard for HR
professionals. This dashboard enabled users to
input employee data and obtain salary increment
predictions in real-time.

Results

The results demonstrate the effectiveness of the
predictive modeling approach, showcasing the
performance of different models applied to the
salary increment dataset.

1. Linear Regression

e Performance: Linear regression provided
a basic understanding of variable
relationships, achieving an R-squared value
0f 0.68 and an RMSE of 7.5%.

o Insights: While interpretable, the model
struggled with nonlinearity and interaction
effects between predictors like performance
scores and tenure.

2. Random Forest
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e Performance: The random forest model
achieved an R-squared value of 0.85,
significantly reducing error rates (RMSE:

4.8%).
e Feature Importance: Variables such as
performance scores, tenure, and

certifications were identified as the most
influential features.

e Strengths: Random forests handled
missing values and nonlinear interactions
effectively, making it a robust choice for
prediction.

3. Gradient Boosting Machines (GBM)

e Performance: Gradient boosting emerged
as the best-performing model with an R-
squared value of 0.91 and the lowest RMSE
(3.9%).

o Strengths: GBM excelled in handling
complex patterns and imbalanced data,
outperforming other models in accuracy.

e Visualizations: Scatterplots comparing
actual vs. predicted increments showed a
near-perfect alignment, validating the
model's predictions.

4. Comparison of Models

Model R- MAE RMSE
squared | (%) (%)

Linear 0.68 6.4 7.5

Regression

Random 0.85 4.2 4.8

Forest

Gradient 0.91 3.7 3.9

Boosting

Gradient Boosting

Random Forest

Linear Regression

m l
=
o
=

0

B MAE (%) ® RMSE (%)

These results highlight the superiority of ensemble
methods like gradient boosting in capturing
complex relationships and minimizing prediction
errors.

Conclusion

This study demonstrates the potential of predictive
salary increment models built using R for HR
analytics. By combining advanced statistical
techniques, machine learning algorithms, and
robust evaluation methods, organizations can
improve the accuracy and fairness of salary
decisions. The results indicate that:

e Machine Learning Superiority:
Ensemble methods like gradient boosting
significantly outperform traditional
regression models in predictive accuracy.

o Feature Importance: Variables such as
performance ratings, tenure, and
certifications are critical for predicting
salary increments.

e Practical Implications: The deployment
of such models can streamline salary
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planning, enhance transparency, and
support data-driven decision-making.

Future Recommendations
To further enhance the model’s applicability:

1. Incorporate Real-Time Data: Integrate
real-time performance data for dynamic
updates.

2. Advanced Techniques: Explore deep
learning for capturing even more complex
patterns. 2

3. Customization: Adapt the model to
different industries and organizational
structures for broader applicability. *

Predictive salary increment models built with R

empower HR professionals to align compensation .
with organizational objectives while ensuring

fairness and competitiveness. By adopting these

strategies, companies can foster employee >
satisfaction and maintain their market standing.
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